The ability of robotic-assisted step training (RAST) to reduce neuromuscular abnormalities associated with spasticity was determined. RAST reduced the abnormalities in both stiffness magnitude and modulation with position, proportional to the initial level of abnormality. These techniques can be used to predict the therapeutic effects of different interventions on neuromuscular abnormalities. a b s t r a c t Objective: We sought to determine the therapeutic effect of robotic-assisted step training (RAST) on neuromuscular abnormalities associated with spasticity by characterization of their recovery patterns in people with spinal cord injury (SCI). Methods: Twenty-three motor-incomplete SCI subjects received one-hour RAST sessions three times per week for 4 weeks, while an SCI control group received no training. Neuromuscular properties were assessed using ankle perturbations prior to and during the training, and a system-identification technique quantified stretch reflex and intrinsic stiffness magnitude and modulation with joint position. Growth-mixture modeling classified subjects based on similar intrinsic and reflex recovery patterns. Results: All recovery classes in the RAST group presented significant (p < 0.05) reductions in intrinsic and reflex stiffness magnitude and modulation with position; the control group presented no changes over time. Subjects with larger baseline abnormalities exhibited larger reductions, and over longer training periods.
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Conclusions: Our findings demonstrate that RAST can effectively reduce neuromuscular abnormalities, with greater improvements for subjects with higher baseline abnormalities. Significance: Our findings suggest, in addition to its primary goal of improving locomotor patterns, RAST can also reduce neuromuscular abnormalities associated with spasticity. These findings also demonstrate that these techniques can be used to characterize neuromuscular recovery patterns in response to various types of interventions. Ó 2014 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Two primary clinical sequelae following with incomplete spinal cord injury (SCI) are spasticity and impaired voluntary movement (Barbeau et al., 2002; Drolet et al., 1999; Katz and Rymer, 1989; Lehmann et al., 1989; Thomas et al., 1997) . Spasticity is a motor disorder associated with lesions of the nervous system (Lance, 1980) , which can lead to changes in mechanical properties of the neuromuscular system (Mirbagheri et al., 2001 ) and lead to several forms of motor impairment including dysfunction of motor coordination (Burne et al., 2005; Gerhart et al., 1993; Thomas et al., 1998 
